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WK,QWHUQDWLRQDO &RQIHUHQFH ,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1* 2FWREHU
7LUJX0XUHV5RPDQLD
2EMHFWRULHQWHGPRGHOOLQJDSSOLHGWRHOHFWULFLW\FULWLFDO
LQIUDVWUXFWXUHV
2OJD %XFRYHWFKLD &ULVWLQD3HWURQHOD 6LPLRQD 5DGX'6WDQFLXD
D8QLYHUVLW\32/,7(+1,&$RI%XFKDUHVW6SO,QGHSHQGHQWHL%XFKDUHVW5RPDQLD
$EVWUDFW
*LYHQ WKH FXUUHQW VRFLDO DQG HFRQRPLF HQYLURQPHQW FULWLFDO LQIUDVWXFWXUHV DQG WKHLU SURWHFWLRQ DUH PDMRU GHEDWH WRSLFV 7KH
SUHVHQWSDSHUSURYLGHVDPHWKRGRORJLFDOIUDPHZRUNIRUULVNDVVHVVHPHQWZLWKLQWKHHQHUJ\VHFWRUDVFULWLFDOLQIUDVWUXFWXUHVHFWRU
7KHSDSHUHPEHGGHGWKHNH\FRQFHSWVDQGNH\PHFKDQLVPVRIREMHFWRULHQWHGPRGHOOLQJLQRUGHUWREXLOGDULVNPXOWLPRGHOWKDW
FDQEHXVHGDVVWDUWLQJSRLQWLQIXWXUHSURWHFWLRQVWUDWHJLHV
  7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI³3HWUX0DLRU´ 8QLYHUVLW\RI7LUJX0XUHV )DFXOW\RI(QJLQHHULQJ
.H\ZRUGV HOHFWULFLW\FULWLFDOLQIUDVWUXFWXUHULVNPXOWLPRGHOULVNDVVHVVPHQW FULWLFDOLQIUDVWUXFWXUHVSURWHFWLRQ
 ,QWURGXFWLRQ
&ULWLFDOLQIUDVWUXFWXUHVKDYHDOZD\VEHHQDVHQVLWLYHGRPDLQ7KHVHQVLWLYLW\GHULYHVIURPWKHLU VSHFLDOUROHLQWKH
VWUXFWXUH VWDELOLW\ DQG IXQFWLRQ RI D V\VWHP QRPDWWHU ZKDW V\VWHPRU SURFHVV LV WDNHQ LQWR FRQVLGHUDWLRQ7KHLU
YXOQHUDELOLW\ LV SURSRUWLRQDO WR WKH UROH SOD\HG E\ HDFK LQIUDVWUXFWXUH 'XH WR WKLV YXOQHUDELOLW\ FULWLFDO
LQIUDVWUXFWXUHV DUH WKH ILUVW WR EH WDUJHWHG ZKHQ DLPLQJ WR GHVWDELOL]H DQG HYHQ GHVWUR\ D V\VWHP RU D SURFHVV
,GHQWLI\LQJ RSWLPL]LQJ DQG SURWHFWLQJ FULWLFDO LQIUDVWUXFWXUH LV DQ XQTXHVWLRQDEOH SULRULW\ IRU ERWK V\VWHPV DQG
SURFHVVHVPDQDJHPHQWDVZHOODVIRUWKHLURSSRQHQWVLH IRUWKRVHZKRVHHNWRDWWDFNGHVWDELOL]HDQGGHVWUR\WKH
V\VWHPV DQG SURFHVVHV &ULWLFDO LQIUDVWUXFWXUHV DUH QRW EHFRPLQJ FULWLFDO RQO\ GXH WR DWWDFNV EXW DOVR IURP RWKHU
WULJJHUVVRPHRILWEHLQJGLIILFXOWWRGHWHFWDQGDQDO\]H
&RUUHVSRQGLQJDXWKRU7HO
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$OWKRXJKWKHUHDUHGLIIHUHQWDSSURDFKHVRQWKHGHILQLWLRQRIFULWLFDOLQIUDVWUXFWXUHVFRQFHSWZKHQORRNLQJIRUWKH
UHJXODWLRQVDQGWKHOLWHUDWXUHVXUYH\VLQ86$>@&DQDGD>@$XVWUDOLD>@RQRQHKDQGDQGLQWKH(XURSHDQ8QLRQ
>@DUHDRQWKHRWKHUKDQGHQHUJ\VHFWRULVFRQVLGHUHGWREHFULWLFDOLQIUDVWUXFWXUHVHFWRUVLQDOOFDVHV
7KHSUHVHQWSDSHUSURYLGHVDPHWKRGRORJLFDOIUDPHZRUNIRUULVNDVVHVVPHQWZLWKLQWKHHQHUJ\VHFWRUDVFULWLFDO
LQIUDVWUXFWXUH VHFWRU 7KHSDSHU HPEHGGHG WKH NH\ FRQFHSWV DQG NH\PHFKDQLVPV RI REMHFWRULHQWHGPRGHOOLQJ LQ
RUGHUWREXLOGDULVNPXOWLPRGHOWKDWFDQEHXVHGDVVWDUWLQJSRLQWLQIXWXUHSURWHFWLRQVWUDWHJLHV
 2EMHFWRULHQWHGPRGHOOLQJDQGSURJUDPPLQJ
2EMHFW2ULHQWHG0RGHOOLQJ220PD\EHVHHQDVDFROOHFWLRQRIFRRSHUDWLQJREMHFWVDVRSSRVHGWRDWUDGLWLRQDO
YLHZ LQZKLFK DSURJUDPPD\EH VHHQ DV D OLVW RI LQVWUXFWLRQV WR WKH FRPSXWHU ,Q2EMHFW2ULHQWHG3URJUDPPLQJ
223HDFKREMHFWLVFDSDEOHRIUHFHLYLQJPHVVDJHVSURFHVVLQJGDWDDQGVHQGLQJPHVVDJHVWRRWKHU REMHFWV(DFK
REMHFWFDQEHYLHZHGDVDQLQGHSHQGHQWOLWWOHPDFKLQHZLWKDGLVWLQFWUROHRUUHVSRQVLELOLW\
,WDOVRXVHVHYHUDOFRQFHSWVWHFKQLTXHVIURPSUHYLRXVO\HVWDEOLVKHGSDUDGLJPVLQFOXGLQJLQKHULWDQFHPRGXODULW\
SRO\PRUSKLVP DQGHQFDSVXODWLRQ7KHVHFRQFHSWVJLYHVXSSRUWWRWKHGHYHORSPHQWRIHIILFLHQWFODVVVWUXFWXUHV7KH
DLPLVWRDSSUR[LPDWHWKHEHKDYLRURIWKHUHDOZRUOGHOHPHQWVZLWKLQWKHVRIWZDUHHQYLURQPHQW>@
223ZRUNVZLWKVRPHNH\FRQFHSWVFODVVREMHFWDQGPHVVDJHSDVVLQJ
$ FODVV GHILQHV WKH DEVWUDFW FKDUDFWHULVWLFV RI D WKLQJ LQFOXGLQJ WKH WKLQJ¶V FKDUDFWHULVWLFV LWV DWWULEXWHV RU
SURSHUWLHVDQGWKHWKLQJVLWFDQGRLWVEHKDYLRUVRUPHWKRGV,WLVDWHPSODWHIRUGHILQLQJVLPLODUREMHFWVSURYLGLQJ
WKHEDVLVIRUDEVWUDFWLQJWKHFRPPRQFKDUDFWHULVWLFVRIUHDOZRUOGREMHFWV
$SDUWLFXODULQVWDQFHRIDFODVVDQGH[HFXWDEOHVRIWZDUHUHSUHVHQWDWLRQVRIUHDOZRUOGFRQFHSWVDUH REMHFWV0RVW
EURDGO\GHILQHGDQREMHFW LVDVRIWZDUHSDFNDJHWKDW LQFOXGHVDOO WKHQHFHVVDU\GDWDDQGSURFHGXUHVWRUHSUHVHQWD
UHDOZRUOGREMHFWIRUDVSHFLILFVHWRISXUSRVHV2EMHFWVDUHQRWRQO\SK\VLFDOWKH\FDQDOVREHFRQFHSWXDO
2EMHFWVLQWHUDFWZLWKHDFKRWKHUE\VHQGLQJUHTXHVWVIRUVHUYLFHVNQRZQDV PHVVDJHV$PHVVDJHLVDUHTXHVWWRD
SDUWLFXODU REMHFWWRLQYRNHDVSHFLILHGSURFHGXUHZKLFKLVW\SLFDOO\FDOOHGDPHWKRG,WLVXQLYHUVDOFRPPXQLFDWLRQ
PHGLXPWKURXJKZKLFKREMHFWVLQWHUDFWZLWKRQHDQRWKHU
$FFRUGLQJ WR 7D\ORU >@ LQ 223 REMHFWV VXSSRUW VRPH PHFKDQLVPV HQFDSVXODWLRQ PHVVDJHV VXSSRUW
SRO\PRUSKLVPDQGFODVVHVVXSSRUWLQKHULWDQFH
(QFDSVXODWLRQ LV WKHPHFKDQLVPE\ZKLFK UHODWHG GDWD DQG SURFHGXUHV DUH ERXQG WRJHWKHUZLWKLQ DQ REMHFW ,W
FRQFHDOVWKHH[DFWGHWDLOVRIKRZDSDUWLFXODUFODVVZRUNVIURPREMHFWVWKDWXVHLWVFRGHRUVHQGPHVVDJHV WRLW,Q
SULQFLSOHDQREMHFW LVDSLHFHRIVRIWZDUHDQG LW UHDFWV WR WKHPDVVDJHVFRPLQJIURPRWKHUREMHFWVDFFRUGLQJ WR LWV
RZQ UXOHV DQG GRHV QRW GLVFORVH LWVHOI E\PDNLQJ DOO YDULDEOHV WR EH SULYDWH RU KLGGHQ IURP YLHZRXWVLGH RI WKH
REMHFW ,Q WKLV ZD\ HQFDSVXODWLRQ VXSSRUWV DQG H[WHQGV WKH SURYHQ SULQFLSOH RI LQIRUPDWLRQ KLGLQJ ,QIRUPDWLRQ
KLGLQJLVYDOXDEOHEHFDXVHLWSUHYHQWVORFDOFKDQJHVIURPKDYLQJJOREDOLPSDFW
7KHIDFW WKDWGLIIHUHQWREMHFWVFDQUHVSRQGWRWKHVDPHPHVVDJHLQGLIIHUHQWZD\VLVNQRZQDV SRO\PRUSKLVPD
*UHHN WHUPPHDQLQJ ³PDQ\ IRUPV´3RO\PRUSKLVP LV D EHKDYLRU WKDW YDULHV GHSHQGLQJ RQ WKH FODVV LQZKLFK WKH
EHKDYLRU LV LQYRNHG WKDW LV WZR RU PRUH FODVVHV FDQ UHDFW GLIIHUHQWO\ WR WKH VDPH PHVVDJH 7KH SRZHU RI
SRO\PRUSKLVPLVWKDWLWJUHDWO\VLPSOLILHVWKHORJLFRISURJUDPV3RO\PRUSKLVPLVRIWHQVHHQDVWKHFXWWLQJHGJHRI
REMHFWWHFKQRORJ\DQGUHJDUGHGDVDYHU\LQWXLWLYHPHFKDQLVP>@
,QVRPHFDVHVDFODVVZLOOKDYHµµVXEFODVVHV¶¶PRUHVSHFLDOL]HGYHUVLRQV RIDFODVV ,QKHULWDQFH LVWKHPHFKDQLVP
WKDWDOORZVFODVVHVWREHGHILQHGDVVSHFLDOFDVHVRUVXEFODVVHVRIHDFKRWKHU,IDGHSDUWPHQWFODVVLVGHFODUHGWREH
DVXEFODVVRIRUJDQL]DWLRQWKHGHSDUWPHQWFODVVDXWRPDWLFDOO\LQFRUSRUDWHVDOOWKHPHWKRGV DQGYDULDEOHVGHILQHGLQ
WKH RUJDQL]DWLRQ FODVV ,QKHULWDQFH FDQ FDVFDGH GRZQ RYHU DQ\ QXPEHU RI OHYHOV DOORZLQJ GHHSO\ QHVWHG FODVV
KLHUDUFKLHVWREHFRQVWUXFWHG
$EVWUDFWLRQ LV D VXEVHW RI ,QKHULWDQFH FDSDELOLW\ RI 2EMHFW2ULHQWHG 3URJUDPPLQJ 3DUDGLJP $EVWUDFWLRQ LV D
PHWKRGIRUVLPSOLI\LQJFRPSOH[UHDOLW\E\PRGHOOLQJFODVVHVDSSURSULDWH WR WKHSUREOHPDQGZRUNLQJDW WKHPRVW
DSSURSULDWHOHYHORILQKHULWDQFHIRUDJLYHQDVSHFWRIWKHSUREOHP7KHXVHRILQKHULWDQFHZLWKRYHUULGLQJDOORZVWKH
GHFODUDWLYHFDSWXUHDQGLPSOHPHQWDWLRQRIWZRIXQGDPHQWDOFRJQLWLYHSURFHVVHV ² JHQHUDOL]DWLRQDQGVSHFLDOL]DWLRQ
,QKHULWDQFHUHSUHVHQWVDIXUWKHUHQKDQFHPHQWRIWKHFRQFHSWRIW\SHLQREMHFWWHFKQRORJ\,QDGGLWLRQWRGHILQLQJ
QHZW\SHVWKDWSDFNDJHGDWDDQGSURFHGXUHVWRJHWKHUGHYHORSHUVFDQGHILQHW\SHKLHUDUFKLHVLQZKLFKWKHVFRSHDQG
JHQHUDOLW\RIDW\SHLVGHWHUPLQHGE\LWVSRVLWLRQZLWKLQWKHKLHUDUFK\
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 7RS(DVHDSSURDFKDQGVRIWZDUHDVDQ220WRRO
$OOWKHRUHWLFDODVSHFWVH[SODLQHGDERYHFDQEHIRXQGLQGLIIHUHQWVRIWZDUHSURGXFWV7KHDXWKRUVFKRVH7RS(DVH
DVHQYLURQPHQWIRUPRGHOOLQJWKHWUDQVIRUPDWLRQVWDWLRQ
6RIWZDUH7RS(DVH LVDEXVLQHVVDSSOLFDWLRQGHYHORSHGE\ D 6ZLVVFRPSDQ\QDPHG3XOLQFRZKLFK LVSURYLGLQJ
VROXWLRQWRWKHSUREOHPVIURPYDULHW\RI VHFWRUVOLNHHFRQRP\KHDOWKDQGODZHQIRUFHPHQW
$UWLIDFWVFDQEHVSHFLILHGLQDWWULEXWHVDQGEHKDYLRUVDQGUHIHUHQFHV:KHQWKHUXOHVDUHVSHFLILHGDQGDFFHSWHGD
PXOWLPRGHOFDQEHGHYHORSHGWRGHVFULEHDFRPSOH[V\VWHPOLNHDQHQWHUSULVH7RS(DVHSURYLGHVPDQ\SUHGHILQHG
DUWLIDFWVDQGDSSOLHGUXOHV
0DQDJLQJ DQ HQWHUSULVHD V\VWHP LV D YHU\ GHPDQGLQJ WDVN &RPSOH[ HFRQRPLFV SHUPDQHQW FKDQJH DQG
DGDSWDWLRQWRQHZPDUNHWVWUHQGVDQGRSSRUWXQLWLHVGHPDQGIRUTXLFNEXWVRXQGGHFLVLRQV7KHVHGHFLVLRQV PXVWEH
EDVHGRQWLPHO\DQGDFFXUDWHLQIRUPDWLRQIURPYDULRXVVRXUFHV,WLVWKHDLPRI7RS(DVHWRSURYLGH WR WKHPDQDJHU
WKLVQHFHVVDU\FULWLFDO LQIRUPDWLRQZLWKDFRPSUHKHQVLYHDQGHDV\ WRXVH WRRO WKDW LVEDVHGRQDVXLWDEOHDSSURDFK
FDOOHG7RS(DVH$[LRP
7KDWDSSURDFKSURYLGHVEDODQFHGVROXWLRQWRFRPSOH[UHODWLRQVKLSVZLWKLQDV\VWHPDVIROORZV>@
$ PHWKRGRORJ\ KHOSVWRJHWDFRPPRQXQGHUVWDQGLQJEDVHGRQDQDJUHHGWHUPLQRORJ\7KLVSURYLGHVDWDUJHWHG
UHVXOWGULYHQDQGVWDNHKROGHURULHQWHG DSSURDFKLQRUGHUWRJHQHUDWHDGGHGYDOXH
7KUHH OD\HUV KHOS WRJHWDVLPSOH WDUJHWDXGLHQFHUHODWHGEXVLQHVVVWUXFWXUH7KHVH OD\HUVDUH'HILQLWLRQ/D\HU
6XSSRUW/D\HUDQG,PSOHPHQWDWLRQ/D\HU
:LWK ILYH FRUH PRGHOV D V\VWHP FDQ EH PRGHOHG GRFXPHQWHG DQG HODERUDWHG ,I DOO DUWLIDFWV DUH PRGHOHG
SURSHUO\WKHV\VWHPFDQEHYDOLGDWHGZLWKYDOXHFKDLQVDQGTXHVWLRQV7KHVHPRGHOVDUH%XVLQHVV0RGHO5HVRXUFH
0RGHO,QIRUPDWLRQ0RGHO'HOLYHU\0RGHODQG&KDQJH0RGHO
,I WKHHVVHQWLDO VHYHQ TXHVWLRQV DUHDVNHGRQDOOQRGHVDEDODQFHG0XOWL'LPHQVLRQDO6\VWHP'HVFULSWLRQZLOOEH
DYDLODEOH  OD\HUV DQG PRGHOV GR QRW VWDQG IRU WKHPVHOYHV 7KH\ KDYH GHSHQGHQFLHV DQG LQWHUUHODWLRQV 7KHVH
FRQQHFWLRQV PXVW EH DQDO\]HG YDOLGDWHG DQG LQWHUSUHWHG ,W LV JRRG SUDFWLFH WR GHVFULEH WKH QRGHV E\ DVNLQJ 
UHOHYDQW TXHVWLRQV WR WKH FKDUDFWHULVWLFV RI WKHVH DUFV ,Q JHQHUDO WKHVH TXHVWLRQV DUH DERXW &RVW %HQHILW 5LVN
4XDOLW\ )HDVLELOLW\>SURFHGXUHKRZ@ 0DQDJHDELOLW\>SHRSOHZKR@DQG ,PSDFW
 5HVHDUFK0HWKRGRORJ\
:LWKLQ WKH UHVHDUFK D WUDQVIRUPDWLRQ VWDWLRQ FKRVHQ DV H[SRQHQW RI WKH HQHUJ\ FULWLFDO LQIUDVWUXFWXUHV LV
GHFRPSRVHG LQREMHFWV ,W LV QRW FRQVLGHUHG DEODFNER[ EXW LQ WHUPRI WKH ILYH LGHQWLILHG 2QFH WKH FRPSRQHQWV
PRGHOOHG DIWHU H[SHUW HOLFLWDWLRQ SURFHVVHV WKHUH ZHUH LGHQWLILHG VHYHQ W\SHV RI WKUHDWV WKDW FDQ DIIHFW EXVLQHVV
FRQWLQXLW\ SURFHVV WKRVH WKUHDWV ZHUH LQWHJUDWHG LQWR ULVN VFHQDULRV WKDW ZHUH WKH VWDUWLQJ SRLQW LQ GHYHORSLQJ D
TXHVWLRQQDLUH
 $VVXPSWLRQVDQGOLPLWDWLRQV
*LYHQ WKH FRPSOH[LW\ RI WKH QDWLRQDO HQHUJ\ V\VWHP WKH SDSHU LV QDUURZHG WR WKH VWXG\ RI WKH HOHFWULFLW\
WUDQVPLVVLRQSURFHVVDQGPRUHVSHFLILFDOO\WRWKHFKRLFHRIWUDQVIRUPDWLRQVWDWLRQV
7KH WUDQVIRUPDWLRQ VWDWLRQ KDV EHHQ GLYLGHG LQWR ILYH GLVWLQFW FRPSRQHQWVFODVVHV IXQFWLRQDO LQIRUPDWLRQDO
PDQDJHULDOSHUVRQDOKXPDQDQGSK\VLFDOFRPSRQHQW
)XQFWLRQDO FRPSRQHQW LQFOXGHV WKH DFWXDO WUDQVIRUPDWLRQ SURFHVV DQG UHODWHG HTXLSPHQW SHUWDLQLQJ WR
WUDQVIRUPDWLRQ SURFHVV ,QIRUPDWLRQDO FRPSRQHQW UHIHUV WR WKH KDUGZDUH DQG VRIWZDUH WR WKH LQWHUQDO PRQLWRULQJ
QHWZRUN DQG LQWHUQDO &&79 QHWZRUN IURP WKH H[LVWLQJ VLWH0DQDJHULDO FRPSRQHQW LQYROYHV DFWLYLWLHV UHODWHG WR
HQJDJHQWLQWKHRSHUDWLRQDODFWLYLWLHVLQRUGHUWRHQVXUHWKHFRQWLQXLW\RIEXVLQHVVSURFHVVHV7KHKXPDQFRPSRQHQW
LVUHSUHVHQWHGE\WKHWUDQVIRUPDWLRQ VWDWLRQV HPSOR\HHVDQGSK\VLFDOFRPSRQHQWUHIHUVWRWKHSHULPHWHURIWKHWDUJHW
WKH LPPHGLDWH RXWWHU DUHD WKH LPPHGLDWH LQQHU DUHD WKH IXQFWLRQDO VSDFHV DUHD WKH LQWHULRU VSDFHV GHVLJQHG WR
SUHVHUYHFULWLFDOYDOXHVLHRWKHUVSHFLILFFRQVWUXFWLRQFRPSRQHQWV
&RQVLGHULQJWKHEHQHILWVDQGDOVRWKHERXQGDULHVLQXVLQJ GLIIHUHQWPHWKRGVRIULVNDQDO\VLVZLWKLQWKHUHVHDUFK
ZHUHXVHGVLPXOWDQHRXVPXOWLSOHWHFKQLTXHVWRGLPLQLVKDWOHDVWSDUWLDOO\VRPHZHDNQHVVHVDQGDPSOLI\WKHVWUHQJWKV
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RI LW 'HSHQGLQJ RQ WKH VWDJH RI UHVHDUFK ZHUH XVHG VLPXOWDQHRXVO\ WZR RU PRUH DPRQJ WKH VHOHFWHG PHWKRGV
EUDLQVWRUPLQJ VWUXFWXUHG RU VHPLVWUXFWXUHG LQWHUYLHZV 'HOSKL WHFKQLTXH 6:,)7 VFHQDULR DQDO\VLV EXVLQHVV
LPSDFWDQDO\VLV
 6WHSVFRYHUHG
7KHVHTXHQFHRIWKHVWHSVIROORZHGIRUWKH ULVNDQDO\VLVGHYHORSPHQW LV WKHIROORZLQJ  2EMHFWV¶LGHQWLILFDWLRQ
 ,GHQWLILFDWLRQ DQG DVVHVVPHQW RI SRVVLEOH WDUJHWV  7KUHDWV
 LGHQWLILFDWLRQ DQG ULVN VFHQDULR GHYHORSPHQW 
%XVLQHVVLPSDFWDQDO\VLV DQG5LVNFRPSXWDWLRQ
 2EMHFWV¶LGHQWLILFDWLRQ
%HJLQQLQJ ZLWK WKH PLVVLRQ RI WUDQVIRUPDWLRQ VWDWLRQV WKHUH ZHUH LGHQWLILHG VHYHUDO PDMRU REMHFWV DQG WKHLU
DFWLYLWLHVQDPHO\
x 0RQLWRULQJRIRSHUDWLRQDOSDUDPHWHUVDQGH[HFXWLRQRIPDQHXYHUV
x 0RQLWRULQJDQGPDLQWHQDQFHRIWHFKQRORJLFDOHTXLSPHQW
x $VVLVWDQFHDQGVHUYLFHVVXSHUYLVLRQ  VXSSO\VHFXULW\FRPPXQLFDWLRQV6&$'$
x /DERUSURWHFWLRQDFWLYLWLHV
(DFKRIWKHILYHFRPSRQHQWVZDVHQFORVHGWRWKHDSSURSULDWHREMHFW
 ,GHQWLILFDWLRQDQG DVVHVVPHQW RISRVVLEOHWDUJHWV
&ULWLFDODVVHWVKDYHEHHQHVWDEOLVKHGEDVHGRQWKHREMHFWVLGHQWLILHGLQWKHSUHYLRXVSDUDJUDSKDQGPD\LQFOXGH
x 7HFKQRORJLFDOHTXLSPHQW  OLQHVVZLWFKLQJHOHPHQWV WUDQVIRUPHUV WUDQVIRUPHUVDQGPHWHULQJ GHYLFHVEDODQFH
HOHPHQWVRIOLQHV$0&LQGLFDWRUVFRQWUROHOHPHQWVDQGGULYHFDEVUHOD\VFRQWUROURRPHWF
x 6&$'$(TXLSPHQW ± PHDVXUHPHQWDQGFRQWUROLQWHUIDFHGHYLFHVPXOWLSOH[HUVFRPSXWHUURXWHUHWF
x 9RLFHFRPPXQLFDWLRQHTXLSPHQW ± WHOHSKRQHVPRGHPURXWHUHWF
x 6XSSRUWDQGWHFKQLFDOLQWHUYHQWLRQVHUYLFHVFRPPXQLFDWLRQVVHUYLFHVVHFXULW\VHUYLFHV HWF
 7KUHDWV
LGHQWLILFDWLRQDQGULVNVFHQDULRGHYHORSPHQW
,QFULWLFDOLQIUDVWUXFWXUHSURWHFWLRQOLWHUDWXUH>@>@>@>@>@ WKHUHDUHKLJKOLJKWHGWKUHHPDMRUFDWHJRULHV
RI KD]DUGV DQG WKUHDWV WKHUHIRUH DUH LGHQWLILHG1DWXUDODUWLILFLDO KD]DUGV KD]DUGV DQG WKUHDWV DULVLQJ IURPKXPDQ
DFWLYLWLHV DQGKD]DUGVDQGWKUHDWVIURPF\EHUVSDFH
&RQVLGHULQJQRZDGD\VUHDOLW\ LQ5RPDQLD WKHDXWKRUVEHOLHYH WKDW VKRXOGEHDGGHGDIRXUWKFDWHJRU\ GDQJHUV
DQG WKUHDWV UHVXOWLQJ IURP 5RPDQLDQ UHJXODWRU\ HQYLURQPHQW 7KH RYHUDOO WUDQVSRVLWLRQ RI (8 GLUHFWLYHV LQWR
QDWLRQDOODZDQGDOLJQLQJZLWK(8VWDQGDUGVLVSHUIRUPHGRIWHQWKURXJKWKHVLPSOHWUDQVFULSWLRQWUDQVODWLRQRI(8
OHJLVODWLRQDQGQRWWKURXJKDGDSWDWLRQWRWKH5RPDQLDQUHDOLW\
7DNLQJLQWRDFFRXQWDOOWKHVHLVVXHVKDYHEHHQLGHQWLILHGDQGHYDOXDWHGWKH VHYHQ IROORZLQJFDWHJRULHVRIWKUHDWV
WKDWDUHEDVLV IRU WKHTXHVWLRQQDLUH 6RFLHWDO7KUHDWV (QYLURQPHQWDO7KUHDWV $FFLGHQWV HUURUV 0DOLFLRXVDWWDFNV
VDERWDJH ,77KUHDWVF\EHUDWWDFN 7KUHDWVRIVHUYLFHV DQG /HJLVODWLYH7KUHDWV
 %XVLQHVVLPSDFWDQDO\VLV
%HJLQQLQJZLWKWKHDERYHOLVWLQJKDYHEHHQSURSRVHGULVNVFHQDULRVZKRVHDVVHVVPHQWLQWHUPVRILPSDFWDQG
SODXVLELOLW\OHDGVWRWKHLGHQWLILFDWLRQRIWKHULVNSURILOHRIWKHDQDO\]HGWUDQVIRUPDWLRQVWDWLRQ
,PSDFW DQDO\VLV SURYLGHV DQ DQDO\VLV RI KRZ PDMRU GLVUXSWLRQ ULVNV PD\ DIIHFW WKH IXQFWLRQDOLW\ RI DQ
RUJDQL]DWLRQ
$IWHU WKHGLUHFW LQWHUYLHZLQJ DQG OLWHUDWXUHUHYLHZ>@ >@ >@ WKHUHFRXOGEH LGHQWLILHGVHYHUDODVVHVVPHQW
FULWHULD RI WKH LPSDFW 7KHVH FULWHULDPLJKW EH JURXSHG LQWR VL[PDMRU FDWHJRULHV DV IROORZV 'LUHFW UHSODFHPHQW
YDOXH DQG LQGLUHFW ILQDQFLDO 'DPDJH ,PSDFW RI &ULWLFDO ,QIUDVWUXFWXUH ,PSDFW RI HQYLURQPHQW  QHLJKERUKRRG
/LIHHQGDQJHUPHQW ,PSDFWRIOHJDOFRPSOLDQFH ,PSDFWRIUHSXWDWLRQ
)RUWKHULVNHVWLPDWLRQLVEHLQJXVHGWKHIROORZLQJIRUPXOD
5LVN OLNHOLKRRG;LPSDFW
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 7KHJHQHUDOULVNPXOWLPRGHO
7KHPXOWLGLPHQVLRQDODVVHVVPHQWRIULVNLQWKHILYHFRPSRQHQWVLGHQWLILHGWKHULVNSURILOHIRUWKHWUDQVIRUPDWLRQ
VWDWLRQPLJKWEHH[SUHVVHGJUDSKLFDOO\DVVKRZQLQ )LJ >@
)LJ 7KHULVN SURILOHIRUWKHWUDQVIRUPDWLRQVWDWLRQ >@
*LYHQ WKH IDFW WKDW D ORW RI WKH QHFHVVDU\ GDWD ZHUH EHDULQJ FRQILGHQWLDOLW\ KDV EHHQ FKRVHQ D TXDOLWDWLYH
TXDQWLWDWLYHDUELWUDU\VFDOHZKLFKUHSUHVHQWVWKHRSLQLRQRIUHVSRQGHQWVUHODWHGWRWKHVHYHULW\RILPSDFWQDPHO\WKH
SURSRVHGVFHQDULRDVVHVVPHQW
7KHUHIRUHWKHYDOXHVKDYHJDLQHGLWVVLJQLILFDQFHDVIROORZV
 ± YHU\ORZLPSDFWYHU\ORZOLNHOLKRRG
 ± ORZLPSDFWORZOLNHOLKRRG
 ± DYHUDJHLPSDFWDYHUDJHOLNHOLKRRG
 ± KLJKLPSDFWKLJKOLNHOLKRRG
 ± YHU\KLJKLPSDFWKLJKOLNHOLKRRG
'HSHQGLQJ RQWKHUHVXOWREWDLQHGDQDO\]HGVFHQDULRPD\EH LQRQHRIWKH WKUHHFDVHVRIULVNFODVVLILFDWLRQ
x 8QDFFHSWDEOHULVNLIWKHFDOFXODWHGYDOXHLVEHWZHHQDQGLQWKHPDWUL[RIULVN LW LVUHSUHVHQWHGLQUHG
x 7ROHUDEOHLIWKHFDOFXODWHGYDOXHLVEHWZHHQDQGLQWKHPDWUL[RIULVN LW LVUHSUHVHQWHGLQ\HOORZ
x $FFHSWDEOHULVNLIWKHFDOFXODWHGYDOXHLVEHWZHHQDQGLQWKHPDWUL[RIULVN LW LVUHSUHVHQWHGLQJUHHQ
8QDFFHSWDEOH OHYHO RI ULVN JHQHUDWHV D PDMRU GLVFRQWLQXLW\ LQ WKH SURJUHVV RI WKH RSHUDWLRQDO DFWLYLW\ ZKLFK
WULJJHUV WKH QHHG WRLPSOHPHQWDGGLWLRQDOPHDQVRISURWHFWLRQDVZHOODVSURFHGXUHVIRUHPHUJHQF\PDQDJHPHQWWKDW
RFFXUUHGLQRUGHU WRUHGXFHWKHLPSDFWDQGLPPHGLDWHUHVWRUDWLRQRIRSWLPDORSHUDWLQJSDUDPHWHUV )RUWKHFDVHRI
VFHQDULRVDQDO\]HGDVKDYLQJXQDFFHSWDEOHULVNLWZDVGHWHFWHGWKDWWKHVRXUFHRIULVN DULVHQ IURPLQWHUGHSHQGHQFLHV
EHWZHHQ WKH DQDO\]HG FRPSRQHQW ZLWK RWKHU FRPSRQHQWV RU ZLWK WKH H[WHUQDO HQYLURQPHQW 7KHUHIRUH WKH
LPSOHPHQWHGSURWHFWLRQVWUDWHJ\PXVWEHSUHSDUHGDWOHDVWDWWKHOHYHOWUDQVIRUPDWLRQVWDWLRQEXWLWLVDGYLVDEOHWREH
SUHSDUHGWRDWUDQVSRUWHOHFWULFLW\VHFWRUOHYHO,WLVFRQVLGHUHGWKDWLI WKH SURSRVHGVWUDWHJLHVZRXOGEHGHVLJQHGDWD
FRPSRQHQW OHYHO WKHUH PD\ EH LQFRQVLVWHQFLHV ZLWK WKH SURSRVHG VWUDWHJLHV IRU WKH RWKHU FRPSRQHQWV GLIIHUHQW
RIILFLDOV GLIIHUHQW FRPPXQLFDWLRQ SDWK GLIIHUHQW FKURQRORJ\ RI WKH XQGHUWDNHQ DFWLRQV HWF 7ROHUDEOH ULVN OHYHO
LQGXFHV WKH QHFHVVLW\ WR HVWDEOLVK VRPH SDUDPHWHUV WKDW QHHGV UHJXODU PRQLWRULQJ DQ\ PLVFRQGXFW RU QHJOHFW LQ
PDQDJLQJ WKHVHSDUDPHWHUVPD\JHQHUDWHXQDFFHSWDEOHULVN
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 &RQFOXVLRQV
,Q FRQGXFWLQJ WKLV UHVHDUFK WKHUH ZHUH WDNHQ LQWR FRQVLGHUDWLRQ WKHRUHWLFDO FRQFHSWV DQG DSSOLHG VWXGLHV LQ
VSHFLDOL]HG OLWHUDWXUH RQFULWLFDOLQIUDVWUXFWXUHSURWHFWLRQQDPHO\WKHPHWKRGVDQGWHFKQLTXHVRIULVNDVVHVVPHQWLQ
RUGHUWRFKRRVHWKHPRVWVXLWDEOHPHWKRGIRUWKHDQDO\VLVRIWKHHQHUJ\VHFWRU 2QFHVHOHFWHGDSSURSULDWHDVVHVVPHQW
PHWKRGVDIWHUPDQ\EUDLQVWRUPLQJPHHWLQJVRULQWHUYLHZVZLWKH[SHUWVWKHUHZDVGHYHORSHGWKHTXHVWLRQQDLUHWKDW
ZDV DSSOLHG WR D UHSUHVHQWDWLYH JURXS RI VSHFLDOLVWV ,Q WKLVPDQQHU WKHUHZDV SURYLGHG D IHHGEDFN UHJDUGLQJ WKH
OLNHOLKRRGDQGWKHLPSDFWRIWKHULVNVFHQDULRVSURSRVHGIRUFRQVLGHUDWLRQ
7KH SDSHU UHSUHVHQWV DQ LQWHUGLVFLSOLQDU\ DSSURDFK DV LW FRQWDLQV HOHPHQWV RI PDQDJHPHQW DQG LQGXVWULDO
HQJLQHHULQJEXWDOVRLWLQWHJUDWHVNQRZOHGJHRILQIRUPDWLRQWHFKQRORJ\$VHYHU\QHZVRIWZDUHSDUDGLJPFODLPV
DOVR2EMHFW2ULHQWHG0RGHOOLQJ3DUDGLJPKDVLWVRZQDGYDQWDJHV7KHWKUHHNH\DGYDQWDJHVRIREMHFWWHFKQRORJ\OLH
LQLQFUHDVHGSURGXFWLYLW\TXDOLW\DQG DGDSWDELOLW\
7KH DQDO\]HG V\VWHP ± WKH WUDQVIRUPDWLRQ VWDWLRQ  FDQ DFWXDOO\EH FRQVLGHUHG D V\VWHPRI V\VWHPV >@(DFK
FRPSRQHQW DQDO\]HG WKURXJKRXW WKH PHWKRGRORJ\ FDQ EH DVVLPLODWHG WR D V\VWHP 7KH PXOWLGLPHQVLRQDO YLVLRQ
JHQHUDWHGZLWKLQWKHSDSHUDFWXDOO\LGHQWLILHVWKHLQWHUGHSHQGHQFLHVRIWKHILYHFRPSRQHQWVVRWKDWLWFRXOGGHWHUPLQH
WKH KRW VSRWV KRW VSRWV WKDW LQGXFH FULWLFDOLW\ WR V\VWHP RU RWKHUZLVH PXVW EH SURWHFWHG LQ RUGHU WRPDLQWDLQ
FRQWLQXLW\RIEXVLQHVVSURFHVVHV
)XUWKHUPRUHWKHSUHVHQWPHWKRGRORJ\PD\EHDSSOLHGWRRWKHUVHFWRUVZLWKLQQDWLRQDOSRZHUV\VWHPGLVWULEXWLRQ
DQGSURGXFWLRQ8VLQJDVNH\DVVHWWKHLQKHULWDQFHWKHUHFDQEHGHYHORSHGQHZFODVVHVRIREMHFWVVRWKDWRQFHWKH
PRGHOLVXSGDWHGZLWKWKHQHZHOHPHQWVLWFDQEHXVHGIRUDQHZULVNDVVHVVPHQW
5HIHUHQFHV
>@ 7KH86$3$75,27$FW3UHVHUYLQJ/LIH DQG/LEHUW\ 8QLWLQJ DQG6WUHQJWKHQLQJ$PHULFDE\3URYLGLQJ$SSURSULDWH7RROV5HTXLUHG WR
,QWHUFHSWDQG2EVWUXFW7HUURULVP
>@ 7KH 1DWLRQDO 6WUDWHJ\ DQG $FWLRQ 3ODQ IRU &ULWLFDO ,QIUDVWUXFWXUH DYDLODEOH RQOLQH DW KWWSZZZSXEOLFVDIHW\JFFDFQWQWQOVFUWFUWFO
QIUVWUFWULQGH[HQJDVS[DFFHVVHGLQ-XQH
>@ 5RWKHU\ 0&ULWLFDOLQIUDVWUXFWXUHSURWHFWLRQDQGWKHUROHRIHPHUJHQF\VHUYLFHV7KH$XVWUDOLDQ-RXUQDORI(PHUJHQF\0DQDJHPHQW9RO
1R S
>@ &RXQFLO 'LUHFWLYH (& RI  'HFHPEHU  RQ WKH LGHQWLILFDWLRQ DQG GHVLJQDWLRQ RI (XURSHDQ FULWLFDO LQIUDVWUXFWXUHV DQG WKH
DVVHVVPHQWRIWKHQHHGWRLPSURYHWKHLUSURWHFWLRQ
>@ $JRVWLQL01 'HFNHU ,& 6LOYHLUD ( 6LOYD $ $ QHZ DSSURDFK IRU WKH GHVLJQ RI HOHFWULF SRZHU VLVWHP VRIWZDUH XVLQJ REMHFW RULHQWHG
PRGHOLQJ(OHFWULFDO3RZHUDQG(QHUJ\6\VWHPVS±
>@ 7D\ORU'$ %XVLQHVV(QJLQHHULQJZLWK2EMHFW7HFKQRORJ\:LOH\
>@ =DPLU6 +DQGERRNRI2EMHFW7HFKQRORJ\&5&3XEOLFDWLRQV
>@ 3XOIHU 5 8UV 6 &RQWURO<RXU%XVLQHVV7KH%DODQFHEHWZHHQ3ULQFLSOHVDQG3UDJPDWLVP3XOLQFR(QJLQHHULQJ$*
>@ $OH[DQGUHVFX*U9ăGXYD*K &ULWLFDO,QIUDVWUXFWXUHV'DQJHUV7KUHDWV3URWHFWLRQ6\VWHPV>,QIUDVWUXFWXULFULWLFH3HULFROHDPHQLQĠăULOD
DGUHVDDFHVWRUD6LVWHPHGHSURWHFĠLH@³&DURO,´1DWLRQDO8QLYHUVLW\RI'HIHQVH3XEOLVKLQJ+RXVH%XFKDUHVWS
>@ %D\EXWW3 $VVHVVLQJULVNVIURPWKUHDWVWRSURFHVVSODQWV7KUHDWDQGYXOQHUDELOLW\DQDO\VLV3URFHVV6DIHW\3URJUHVV9RO1RSS
'2,SUV
>@ 6LPLRQ 3& 9XOQHUDELOLW\ PDQDJHPHQW LQ FDVH RI QXFOHDU FULWLFDO LQIUDVWUXFWXUHV H[SRVHG WR PXOWLSOH WKUHDWV >0DQDJHPHQWXO
YXOQHUDELOLWăĠLORULQIUDVWUXFWXULORUQXFOHDUHFULWLFHH[SXVHDPHQLQĠăULORUPXOWLSOH@3K'7KHVLV%XFKDUHVW5RPDQLD
>@ 6LPLRQ&3%XFRYHĠFKL20& 3RSHVFX&$ &ULWLFDO LQIUDVWUXFWXUHV SURWHFWLRQ WKURXJK WKUHDW DQDO\VLV IUDPHZRUN$QQDOV RI WKH2UDGHD
8QLYHUVLW\)DVFLFOHRI0DQDJHPHQWDQG7HFKQRORJLFDO(QJLQHHULQJYRO;;,,;,,SS
>@ %DGHD$&KLXĠă ,9kOFLX$3ăXQ* 7KHPDQDJHPHQWRI SRZHU V\VWHPV¶ FULWLFDO LQIUDVWUXFWXUH >0DQDJHPHQWXO LQIUDVWUXFWXULL FULWLFH D
VLVWHPHORUHOHFWURHQHUJHWLFH@$*,5%XOOHWLQ6XSSOHPHQWSS$YDLODEOHRQOLQHKWWSZZZDJLUUREXOHWLQHSGI
>@ .DWLQD3)+HVWHU37 Ä6\VWHPLFGHWHUPLQDWLRQRILQIUDVWUXFWXUHFULWLFDOLW\´,QW-&ULW,QIUDVWUXFWXUHV9RO1RSS±
>@ 0DUURQH 6 HW DO 9XOQHUDELOLW\ PRGHOLQJ DQG DQDO\VLV IRU FULWLFDO LQIUDVWUXFWXUH SURWHFWLRQ DSSOLFDWLRQV ,QW -  &ULWLFDO ,QIUDVWUXFWXUH
3URWHFWLRQSS
>@ 1HSDO5 -DPDVE7 6HFXULW\RI(XURSHDQHOHFWULFLW\ V\VWHPV&RQFHSWXDOL]LQJ WKHDVVHVVPHQWFULWHULDDQGFRUH LQGLFDWRUV ,QW -&ULWLFDO
,QIUDVWUXFWXUH3URWHFWLRQ9RO1R±SS
>@ %XFRYHWFKL20& &ULWLFDO ,QIUDVWUXFWXUHV3URWHFWLRQ ± 2EMHFWRULHQWHGPRGHOLQJ >3URWHFĠLD LQIUDVWUXFWXULORUFULWLFH ± PRGHODUHDED]DWăSH
RELHFW@3K'7KHVLV%XFKDUHVW5RPDQLD
>@ %XFRYHĠFKL 2 6LPLRQ 3& 6\VWHP RI 6\VWHPV $SSURDFK $SSOLHG WR '\QDPLF %XVLQHVV 3URFHVVHV (QYLURQPHQW 7KH WK ,QWHUQDWLRQDO
&RQIHUHQFHRI0DQDJHPHQWDQG ,QGXVWULDO(QJLQHHULQJ³0DQDJHPHQW ± )DFLQJ 1HZ7HFKQRORJ\&KDOOHQJHV´2FWREHUVW ± 1RYHPEHU
QG%XFKDUHVW5RPDQLDSS
